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(57) Abstract: An azimuth measuring device capable of performing calibration of a magnetic sensor without applying lOad to a 
^ user. When a point having output amplification values Sx, Sy, Sz after sensitivity correction as an x, y, and z component is arranged 
fT) on a xyz coordinate system, an offset information calculation section (8) calculates the center coordinates of such a sphere whose 
O surface is located in the vicinity of each point. The x component of the center coordinate of this sphere is calculated as the current 
O offset Cx of the x-axis hall element HEx; the y component of the center coordinate of this sphere is calculated as the current offset 
^ Cy of the y-axis hall element HEy; and the z component of the center coordinate of this sphere is calculated as the current offset Cz 
O of the z-axis hall element HEz. Thus, it is possible to perform calibration of the magnetic sensor without applying load to the user. 
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^it*I|iSrx, Sry, Sr z WdcMt5 0 

20 _£- s ^m^bfc^SMsCC 1 c»mtl (C x . C y> C z ) Htrtil^bfc 
^2p^Cl(D^ (Cx. Cy. Cz) t(D^^f««tt)/^^V^^. ^HBfc 
^bfcgm&C l^JMtl (Cx. Cy, Cz) Ox, y, z^Sr^r^ttx^l 
^^HExCm^fCx, y#^;^HEy^7*y bCy, 
z ftf^/Hlf^-HE z <D^-7-fe yfCzt V hit #!2lt^ 1 9 a {-IE 

25 1t£i£5 (^f ^S18) o 

V^-i:^BU^-^^^ PDA (Personal Digital Assistant) 

^y 3 y*Mf«MttStfb (^) nr^^^^^^S 

snte u (DX&fiWMmmM&w^^mm b-c^-rs * 5 b-r «t v\ 
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5 p CMC i a*--k©*k^, ^{tAwwtmi: '*©^-^«a i * 

cMc.iA*-K<o*fcKtt^«fc«iH4««H^ /-h><yas^&»fcra. 

r^-C. P CMC! A*- KO* Kfe^Wf 5 ^ 
PCMC I A#-KKtts ; 3WMfHWWiBWct>; 

15 GPS (Global Positioning System) "©»**H1 1 C 

W m*w«*i 8i*v maun* 

Sx> Sy , Sz^timx, y v z^W^ttxy z«i±t«t . 

^>Wt>Jlr**. a 0MO|/3«ttLb-t?*8 4: m*mW 

Sx. Sy> SzH^x, y. «j^it5AiWiyxJlii:«l 
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10 IpjfeC 1 <0ffi« (Cx.Cy.Cz) h fitrlil^b^Stp^C (C x, 

Cy , cz) £<D^^^J;!)/h£v>a^5^^^^ 

z.fhiz.mh-r, ^■mm^tc^j^cKDmm (ex. cy.c?) ^yttiswa 

\ itmiilJ:!? 1)4 bfcWfc^UWoli*iac lOCK (Cx. Cy. Cz) 
JBv > 5 r i: m «t 9 [Rj-hi-5 - £ &X$> 5o 

25 ^ ^<D£5tMmz-&£\^x&<o m&Kmm^tcffi 
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2 o 2 mmTFirZo 

> i * ' 

y % S zf^P! (S 1 x N S l'y, Slx) v P, (S 2 X> S 2y v S2 z) N 
P 3 (S 3 S 3 y, S 3 z) „ fr1t£m&C 1 &XpmM&Wlti 

io a omw l . 5<ff «fc p ^tv^if^ ^SrfiJ^f U Wrl£$mft~<DW&. ^(omtiT* 
r ^2H-C x ) 2 + (Si y -C y ) a + (S l2 -C 2 ) 2 } (38) 

15 H-M^fT^n-Cb* 5 r i:^ESih-rs- k&X% 5„ 

As ^©i5*«H5fcfcE5>l>"C*?<, -tux, ^p, (si x N si y, si 

z) , P 2 (S 2 X> S 2 y N S 2 z) % P 3 (S 3 x N S3y, S 3 z) % •; 
20 bs Sf^Cl« (Cx % Cy v C z) *T?©pSt*IIWU -IIWUfcEBI 

^Sr^^$P2 0 2^^i"So 

23 



WO 2004/003476 PCT/JP2003/008293 

^ti^etim 6 &v > LIU 8 ic^i-ii t> £ ft So 

;fr*|ii®fi£ S x N y ift^;^HE y Offi^jflNBIK S y *3 .fct* z /HSf^H 
E z Olil^lHltt'S z *m*> ig LBL#Lfcj&^ 2 iO«g|[ilf^}fo^ 

10 t>ifc# 1 0 1 £>ir] # SrMs ^ .-t orak x «*-^H E x com 

tlM$mS x *5£tf y fft^— /^HE y ©W^iJBftSCS y 5SL^i-« 0 
_h5£ (14) ~ (37) (39) - <58) tfc £*) -l^fcSWB**. 

JmS+M,* - const (39) 

r = a 0A /M x 2 +M y 2 (40) 

(S x -C x ) 2 + (s y -C y ) 8 -r 2 (41) 

d I -V(Six-C x ) 8 + {Sf y -C y f (42) 



e = d 2 — r 2 

, = (Si x -C x ) 2 + (si y -C y ) 2 -r a 



(43) 



(44) 



as 



-42tsi x -Cj + (Si y -C y ^-r 2 K-Cx) (45) 
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aS =-4\*fei C Y+(S\ -C > -r 2 Ysi -C„) 
d Q x *' > » »' y yy 


(46) 


— = 4VlfSi cY'+fei -C ^-r 2 } 


V?'/ 


2,K Sl x - C x) + l S 'y ~ C yf " r A S 'x " C x) - 0 


(48) 


2 * S| * + ( S, y - C yf - r A s «y - c v)= 0 


(49) 


2tsi x -CjS(si y .-cJ , }-Nr«-0 


(50) 




(51) 



c x 2six(si, -s;) + c y 2si y (si y -s;)=^2( s| x a +s| y 2 Xsi y -s;) (53) 

<54) 



(55) 



5;si x (si x -sj 2si y (si x -sjirc x 

-Sy) 2Si y (si y -S y )J[C y 



2 s U Si Y 



;Si x (Si x -S^ 
;Si y (si x -S x; 



2 Si x 2 "NS. 2 



;si, 
'si 



( Sl x-5x) 
,(Si y -S y ) 



2 

2 
2 



x 2 + Si y 2 Ysi x -S x ) 

2(si x 2 + si y 2 Xsi y -S y ) 

2(si x 2 + Si y 2 X3i y -S y )J 



(56) 



(57) 



2Si x Si y -NS x S y 



2Si x Si y -NS x s y 2 s| y 2 - NS v 

^yc. (56) , (57) (58) ^-tm^-^u^m^xmrnM. 
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fflxtf, i8o° ^t9o° mmvmmiz.mfeZfrx^x'bx^o ± 

5£ (38) £:T5£ (59) tegfgULS ^ £ £9 - £ 5, 

^^x^-^) 2 ^^-^) 2 }. (59) 

l£fcu MZmMpj&miZ&^X^- -Sx, S-y, S z^^&^4b*VvCs 

5 Sx, Sy, S zx-^#^-ittHtr^^#bfc:Sx, Sy, S zy*— 9 bV&k' 
#&fi-^ U H^^M^J: fc> /J>£ V^#d-»3^U^ s x » s v * s z y*— 9 & 

10 bMiE}65fT^TL*5^^^iti-5-^^^5. j 

EI9{i, ^^<^(^#^^i^kLTV^S^^#$tt^:Sx f Sy, S 
z 7^— * OtfilT* fc .Ik V vf tLOT*— t> £ 1 t> fcg&f tT^ ^ So - frfctt U 
01 0 tt, ««P^©|^t.d*|j^A/^^bb*V^«^»2l5t#$H*iS x, Sy, 

s z <omxh v > v ^ftuDT*—? i> m£— Mx$> So 

15 .Hi' 0|C^tJ: 5 *Sx, S y , S z ^ <£>4§£\ HI 4 

t U ^V-i/a bt^^S'T'S 1 5 fcj3V>TS x, Sy, S 

U^U Sx, Sy, S zf-^Mt^^O|^t»^©|III«*t- 
20 bfc £-5 ft©£v Sx, S y , S z 7*—* ^ fflx.t£, mil 5 I- 

fc>> % ^s^b^sSP^^tSo -©^n ^^^s i 5m^sx, s 

y, S zf- *<£&*^£^/hm<D^a s ^ 

25 -e^T% Sx, Sy, S z y 5 — >»«#|C^ IfittlfcJR#Lfc S x, Sy, Sz 
f*-> <£>H#£ff-0l U Si^WS*]: 5 /h£v^^teI&#LfcS x , S y , 
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Lfc S x , Sy, Szr^ (Dl&m&ftfrfoZW* x , S y , 

.fc*5 N sx.sy. sz y^^^ogm^m^ 

JW^fcfc'flittf* Sx, Sy, S z^-^^^^oV^M^Sr^tUU 
5 i-^X<C^^^te-fc^^& x, Sy, Szf^^tSs 

sx, sy, s z 7*— * <D^tL^fr<om&(D=Mfti*&to u m^msrf<Dm^ 

liSx, Sy, S z^— ^Sr5ftSH-.S^V^fcX**s#*.b*i/«._ 

15 £&a*-e#«. 
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it # <d $s m 

^|B2#<Dffi^x-^Sr^^-rS2^7nmM-ii> ^fe{imrlB3|ft©{±l^- 
#bfrfc2i|ft£fcte3i^ 

2. it^Of5ffl^l^-*3V^ 
15 ft«IBS^*i^©f*. 

20 s^^^iai^fic 

3. |t^f£ffl^l^lC*5V^ 

^|^V^c2lftO|li^x— ^f¥fcoV^ Si 2 #©tij^f-^ Ir^i 1 5 2^ 
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10 5. IS^<D^ffl^l^^-Cs 

6 . if ^tsisig 5 mz%5\< ^ 
25 ^nt-r^^mmmmo 

8. lf^f&EB7^^V^ 
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10. it^otsismi^fev^ 

11. m^mmm iom\^^x. 

12. m^vwmf&i^&^x, 

20 .|IEf-^W*»^i!ft. 

25 «i-5Sil 3 ©fS^Br^fk £ £r#;ts 
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I 14. fS*COt£iami 3^*5V^Xs 

is. m&<Dffimmi 3m^^x, 

Stria 3 tftfjx ffi^y*- * S¥^ov >Tm^-^^mb^ 

25 #5^T?/^h 
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10 17. |f^©f5E01 3 3§K1*5VVC, 

15 jt*>im£nfcS^&^ 

18, S»*©«fiffl»l S^ZljSV^ ■ 

19. ff^f£S01 3^C*5V^ " 
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20. m7&<0$m$&l 3^*3V>T, 
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